At anaphase, the kinase Plk1 localizes to the spindle midzone, where it orchestrates cytokinesis. New work has now identified PRC1 as a Plk1-delivery factor that is tightly controlled by opposing cyclin B-Cdk1-and Plk1-dependent phosphorylations.
The ultimate goal of a dividing cell is to replicate and to faithfully distribute its genetic material. The latter is achieved during mitosis and necessitates a complex sequence of events. After nuclear envelope breakdown, chromosomes are condensed and attached to the mitotic spindle. Subsequently, the sister chromatids are segregated and transported to opposing poles of the spindle. At the end of mitosis, the two daughter cells are physically separated from each other in a process referred to as cytokinesis. Any mistake in this sequence can generate daughter cells which deviate in their chromosome number from the diploid 46. Such aneuploidy was observed in carcinoma cells as early as 1890, and since then has been proposed to cause or contribute to birth defects and cancer [1] . Despite the complexity of mitosis and the vast number of cell divisions during the lifetime of humans, mitotic aberrations are rarely observed. Thus, robust mechanisms must have evolved that permit the rapid and exact progression through mitosis.
Two post-transcriptional modifications -phosphorylation and ubiquitination -carry the main load of mitotic regulation. The activation of a kinase, cyclin B-Cdk1, drives cells into mitosis, whereas the ubiquitin-dependent degradation of cyclin B, and thus inactivation of Cdk1, is required for mitotic exit. Although the oscillations in cyclin B-Cdk1 activity set the framework, they are not sufficient to coordinate the multiple sequential events during mitosis. Instead, cyclin B-Cdk1 has to cooperate with several kinases, among which Polo-like kinase 1 (Plk1) assumes a leading role [2] .
During early mitosis, Plk1 accumulates at the centrosome, where it promotes centrosome maturation and potentially cyclin B-Cdk1 activation [2] [3] [4] [5] . At the same time, Plk1 binds to kinetochores and monitors their correct attachment to the mitotic spindle. Plk1 also catalyzes the dissociation of cohesion complexes from chromosome arms. A failure of Plk1 to phosphorylate its crucial targets at the centrosome or kinetochores results in monopolar spindles and mitotic arrest due to activation of the spindle checkpoint.
How is Plk1 targeted to the centrosome or kinetochore? Groundbreaking work had identified the carboxy-terminal half of Plk1, the Polo-box domain (PBD), as a phosphate-binding motif [6] . Potential Plk1 substrates are phosphorylated by priming kinases, which subsequently renders them competent for recognition by the PBD. The consensus sequence for PBD binding partially overlaps with the consensus motif for cyclin B-Cdk1 phosphorylation. Indeed, cyclin B-Cdk1 acts as a priming kinase for Plk1 on several substrates, many of which, such as centrosomal Cdc25C phosphatase, are associated with specific cellular structures [6] . Thus, cyclin B-Cdk1 can target Plk1 to specific locations, such as the centrosome, in early mitosis.
At the metaphase-anaphase transition, however, Plk1 undergoes a dramatic relocalization from the centrosome and kinetochores to the spindle midzone, where it acts as a key regulator of cytokinesis [2] . Cyclin B-Cdk1 activity is absent in anaphase, and thus, the mechanism underlying Plk1 localization to the central spindle must differ from its targeting to the centrosome. A recent report by the Barr laboratory now describes such a mechanism, which reveals an astonishing complexity in the relationship between Cdk1 and Plk1 [7] .
In order to isolate anaphasespecific binding partners of Plk1, Neef et al. [7] purified Plk1-containing complexes from enriched anaphase-spindles. They recovered the microtubulebundling protein PRC1 in an almost stoichiometric complex with Plk1. PRC1 was originally isolated as a Cdk1 substrate required for cytokinesis and was shown to localize to the central spindle in anaphase [8] . Importantly, depletion of PRC1 by siRNA disrupted the localization of Plk1 to the central spindle [7] . This phenotype is reminiscent of depletion of the mitotic kinesin MKlp2 [9] , and Neef et al. [7] went on to show that PRC1 and MKlp2 cooperate to localize Plk1 to the central spindle in anaphase.
HeLa cells express three splice variants of PRC1. Only one of these variants, PRC1-2, associates with Plk1 and rescues the cytokinesis defect observed upon downregulation of endogenous PRC1. Consequently, depletion of PRC1-2 by an exon-junction-specific siRNA that does not deplete the other splice variants disrupts the localization of Plk1 to the central spindle and inhibits cytokinesis. These findings strongly suggest that binding to PRC1-2 anchors Plk1 to the central spindle, where it exerts its functions during cytokinesis.
As previously mentioned, the recognition of proteins by Olk1 often requires their phosphorylation by priming kinases. Consistent with previous work, PRC1-2 is phosphorylated in vitro by cyclin B-Cdk1, but surprisingly, cyclin B-Cdk1 is incapable of promoting Plk1-binding to PRC1-2. Instead, Plk1 itself phosphorylates PRC1-2 and creates the necessary docking site for its own PBD. Mutation of one of the Plk1 sites, T602, impedes phosphorylation of PRC1-2 and also disrupts the association of PRC1-2 with Plk1. Consequently, a T602A PRC1 mutant does not target Plk1 to the central spindle and is also incapable of rescuing the cytokinesis defect after depletion of endogenous PRC1.
Together, these results demonstrated that Plk1 is its own priming kinase required for binding to PRC1. This creates a positive feedback loop that results in a stable association between PRC1 and Plk1 and allows PRC1 to usher Plk1 to the central spindle. Similar to the situation with PRC1, Plk1 also functions as its own priming kinase for binding to MKlp2 and to PBIP1, and interference with Plk1-dependent phosphorylation of MKlp2 and PBIP1 leads to loss of Plk1 from the central spindle or kinetochores, respectively [9, 10] . It is conceivable that positive feedback loops based on autocatalytic priming are a general means of anchoring Plk1 at distinct cellular locations. Such anchors could potentially enable Plk1 to phosphorylate proteins in the proximity without their prior modification by priming kinases.
Although these findings explain the targeting of Plk1 to the central spindle in anaphase, they do not address why Plk1 does not accumulate on the spindle earlier in mitosis. Moreover, PRC1 is clearly phosphorylated by cyclin B-Cdk1, and this is important for the mitotic function of PRC1 [8] . So how are the two phosphorylation events connected?
Previous work had identified two sites on PRC1 (T470, T481) that are phosphorylated by cyclin B-Cdk1 [8] . It appears that PRC1 is almost quantitatively phosphorylated at these sites in prometaphase and metaphase. The phosphorylation of T470/481 is lost, however, when cyclin B1 is degraded before anaphase. Almost instantaneously after cyclin B degradation and loss of T470/T481 phosphorylation, the levels of phosphorylated T602 increase and Plk1 becomes localized to the central spindle. Additionally, Plk1 is always associated with T602-phosphorylated PRC1, but never with T470/481-phosphorylated PRC1. This strongly suggests that phosphorylation of PRC1 by cyclin B-Cdk1 interferes with binding of PRC1 to Plk1, and subsequently, with the targeting of Plk1 to the central spindle.
Consistent with an antagonistic relationship between Cdk1 and Plk1, a PRC1 mutant that is resistant against Cdk1-dependent phosphorylation (T470/481A) showed increased levels of Plk1 binding. Strikingly, expression of this mutant resulted in premature phosphorylation of PRC1-2 on T602 and targeting of Plk1 to spindle microtubules already in prometaphase. Such an untimely delivery of Plk1 causes monopolar spindles and prometaphase arrest. Taken together, Cdk1-dependent phosphorylation of PRC1-2 inhibits its association with Plk1 and thereby ensures that Plk1 is not targeted to the central spindle before anaphase.
The findings by Neef et al. [7] clarify the mechanism underlying Plk1 targeting to the central spindle but also underscore the intricate relationship between Cdk1 and Plk1. In order to target Plk1 to substrates in early mitosis, Cdk1 can act as a priming kinase (Figure 1) . Simultaneously, it inhibits binding of Plk1 to late substrates, such as PRC1. After Cdk1 has been inactivated, Plk1 binding to early targets is lost, but Plk1 simultaneously obtains the competence to bind PRC1 and translocate to the central spindle. This localization switch necessitates that the inhibitory phosphorylations on PRC1-2 are rapidly removed following Cdk1 inactivation. In budding yeast, the FEAR and MEN pathways activate a phosphatase, Cdc14, which is required for mitotic exit [11] . It is likely that activation of Cdc14 or related phosphatases actively remove the inhibitory phosphorylations on PRC1-2, thereby promoting cytokinesis.
How is the interaction between PRC1-2 and Plk1 terminated? The underlying positive feedback should guarantee that the binding is very stable. It may be necessary to disrupt the complex by ubiquitin-dependent proteolysis. Consistent with this hypothesis, the scaffold protein PBIP1, which anchors Plk1 at kinetochores, is degraded in prometaphase in a ubiquitindependent fashion [10] . Both Plk1 and PRC1 are substrates of the anaphase-promoting complex (APC) [12] . In the case of Plk1, its slow ubiquitination by the APC ensures that it is not degraded prematurely [13] . It is tempting to speculate that formation of a complex between PRC1 and Plk1 stimulates the ubiquitination of both proteins, and thereby limits the duration of their activity at the central spindle.
Since the discovery of the Pacific deep-sea hydrothermal vents and the subsequent description of the abundant life existing there [1] , the biotic community of this unique habitat has fascinated scientists and non-scientists, alike. Over 500 species of metazoans live around these seeps of hot, mineral-rich water, raising the question of how so much biodiversity is able to survive in an environment devoid of the solar energy that drives life on the surface of the planet. The answer: environmental and symbiotic chemoautotrophic bacteria. 2007 has been a banner year for advancing our understanding of the interactions between deep-sea invertebrates and bacterial symbionts. The genome sequence of the endosymbiont isolated from the deep-sea clam, Calyptogena okutanii, reported recently in Current Biology by Kuwahara et al. [2] , is the second for a deep-sea endosymbiont and the third genome-level study completed this year, expanding our understanding of the essential contribution of bacteria to the fauna of deep-sea thermal seeps. Given the coding capacity of the bacterial endosymbiont of C. okutanii, it would not be expected to be able to persist outside its clam host. The C. okutanii endosymbiont has lost genes for motility, stress responses and DNA recombination and repair. The loss of essential genes for a free-living lifestyle, combined with evidence for the transmission of the endosymbiont from one generation to the next via the clam's eggs [3] , indicates that the C. okutanii endosymbiont is in the process of genome reduction whereby it has become dependent on its host.
The majority of metazoans surrounding hydrothermal vents depend on the sulphur oxidizing activity of chemoautotrophic bacteria for nutrients, either directly through endosymbiotic associations or indirectly by feeding on them [4] . The uptake, retention and ultimate enslavement of prokaryotic (or in some cases, eukaryotic) cells is a common evolutionary strategy for eukaryotes, allowing them to exploit new resources. The plastids and mitochondria are the textbook examples of this, whereby the endosymbionts have been entirely incorporated into the cellular machinery of their 'hosts'. Organelles are, of course, an extreme case of reduction in which massive numbers of genes have been transferred to the nucleus and their products are targeted back to the organelle [5] . More recently acquired symbionts, however, are like windows on the process of reduction and incorporation, and
